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Genetic variability of citrus tristeza virus (CTV) was studied using the haplotypes detected by single-strand conformation
polymorphism (SSCP) analysis of genes p18 and p20 in six virus populations of two origins. The Spanish group included a
CTV isolate and subisolates obtained by graft-transmission to different host species. The other included two subisolates
aphid-transmitted from a single Japanese isolate. The homozygosity observed for gene p20 was always significantly higher
than that expected under neutral evolution, whereas only three populations showed high homozygosity for p18, suggesting
stronger host constraints for p20 than for p18. Sequential transmissions of a Spanish isolate to new host species increased
the difference between its population and that of the successive subisolates for gene p18, as estimated by the F statistic.
Analysis of molecular variance indicated that variation between both groups of populations was not statistically significant,
whereas variations between populations of the same group or within populations were significant for both genes studied. Our
data indicate that selection affects the haplotype distribution and that adaptation to a new host can be as important or more
as the geographical origin. Variation of the CTV populations after host change or aphid transmission may explain in part the
wide biological variability observed among CTV isolates. © 1999 Academic Press
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fTristeza, the most economically important viral dis-
ase of citrus, is caused by a closterovirus [citrus tristeza
irus, (CTV)] that is propagated through infected buds
nd vectored by several aphid species (Bar-Joseph and
ee, 1989). CTV virions are flexuous filaments, ;2000 nm
ong and 11 nm in diameter, with two capsid proteins of
5 and 27 kDa that coat ;95% and ;5% of the particle
ength, respectively, forming a rattlesnake structure
Febres et al., 1996). CTV genome is a single-stranded,
ositive-sense RNA molecule with 19,226–19,296 nucle-
tides (nt) that contains 12 open reading frames (ORFs)
oding for $17 protein products (Karasev et al., 1995;
awassi et al., 1996; Pappu et al., 1994). The consensus
ucleotide sequences of isolates T36 from Florida
Karasev et al., 1995; Pappu et al., 1994) and VT from
srael (Mawassi et al., 1996) have been published. Com-
arison of these two sequences showed that the 39 half
f the viral RNA was relatively conserved (nucleotide
dentity ;90%), whereas nucleotide differences in-
reased toward the 59 end, reaching nucleotide identity
alues below 70% (Mawassi et al., 1996), an unusual
ifference between isolates of the same virus, that sug-
ested that one of the two genomes might have resulted
rom RNA recombination (Bar-Joseph et al., 1997).
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32CTV isolates differing in biological characteristics
uch as symptom expression in various citrus species or
phid transmissibility (Ballester-Olmos et al., 1993; Rois-
acher and Moreno, 1991), serological reactivity (Cambra
t al., 1993), double-stranded RNA (dsRNA) (Dodds et al.,
987; Guerri et al., 1991; Moreno et al., 1990), or hybrid-
zation pattern with cDNA probes (Albiach et al., 1995)
ave been described worldwide. This suggests a wide
enetic diversity for this virus genome, but data on ge-
etic variability of CTV are scarce. Moya and Garcı´a-
renal (1995) made a first estimation of diversity of Span-
sh CTV isolates based on dsRNA patterns obtained by
uerri et al. (1991) in a field survey of various citrus
rowing areas. Also, the sequence of genes p25 (Ma-
assi et al., 1993; Pappu et al., 1993) and p23 (Pappu et
l., 1997) of different CTV isolates have been compared,
ut in most cases only a single sequence was obtained
rom each isolate. Diversity of sequence variants within a
TV isolate has never been explored.
Previous findings indicated that field isolates may con-
ain multiple genomic variants, some of which can be
eparated on aphid or graft transmission to different host
pecies (Moreno et al., 1993a, 1993b). The subisolates
btained by these procedures sometimes differed from
he source isolate by their serological reactivity (Cambra
t al., 1993), dsRNA pattern, or pathogenic behavior
Moreno et al., 1993a,b). These findings prompted us to
urther characterize the genomic population of severalTV isolates to assess their genetic diversity and the
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33HAPLOTYPE DISTRIBUTION OF CTVopulation drifts caused by host change or aphid trans-
ission.
Single-strand conformation polymorphism (SSCP)
nalysis of the coat protein gene allowed us to discrim-
nate between two clones of this gene differing by a
ingle nucleotide (Rubio et al., 1996). Here we compared
he structure of several CTV populations using the SSCP
rofile of two randomly selected genes, p18 and p20
Karasev et al., 1995; Pappu et al., 1994) and have quan-
itatively estimated genetic variability of these genes
ithin and between populations.
RESULTS
A total of 289 clones of p18 and 525 clones of p20
ere amplified by PCR and analyzed by SSCP. The
CR products were checked in a 2% agarose gel, and
hey always contained a single band of 503 nt (p18) or
56 nt (p20), which corresponded to the size expected
or each of these products with the primer set used
Table 1). SSCP analysis of these products yielded 26
aplotypes for p18 and 100 for p20, some of which are
hown in Fig. 1. The most frequent haplotype in each
solate always corresponded to the most intense
TABLE 1
Nucleotide Sequence of Primers Used in RT-PCR and PCRs
Primer Nucleotide sequence
Location in CTV
genomea
8A
(forward)
59-ATGTCAGGCAGCTTGGGAAATTCA39 16792–16815
8B
(reverse)
59-TAAGTCACGCTAAACAAAGT39 17275–17294
0A
(forward)
59-ACAATATGCGAGCTTACTTTA39 17759–17779
0B
(reverse)
59-AACCTAACAGCAAGATGGA39 18297–18315
a Nucleotide number from the 59 end taken from the genome se-
uence of the isolate T36 (Karasev et al., 1995).
FIG. 1. Single-strand conformation polymorphism (SSCP) pattern of so
he arrow indicates in each case the most frequent pattern.ands observed when the cDNA population obtained
or this isolate by RT-PCR was analyzed by SSCP. Also,
o confirm that the main variants of the RNA popula-
ions had not been excluded from the cDNA popula-
ion, each dsRNA extract was hybridized with a digoxi-
enin-labeled probe prepared from the correspondent
T-PCR product or from a clone of the most frequent
TABLE 2
Haplotypes of the Gene p18 Detected by
SSCP Analysis in Six Isolates of CTV
Haplotype
Population
T385 T317 T318 T305 T388 T390
A 101 39 23 7
B 1
C 1
D 1
E 1
F 1
G 1
H 1
I 6 5
J 9 6 7
K 3 7
L 3
M 1
N 1
O 1
P 9
Q 6
R 3
S 4
T 3
U 3
V 31
W 1
X 1
Y 1
Z 1
Total 107 40 41 30 36 35
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34 AYLLO´N ET AL.aplotype, and a strong signal was always observed
data not shown).
Tables 2 and 3 summarize the frequency of each
TABLE 3
Haplotypes of the Gene p20 Detected by
SSCP Analysis in Six Isolates of CTV
Haplotypea
Population
T385 T317 T318 T305 T388 T390
X2 21
X3 1
X5 1
X10 1
X12 1
X16 1
X17 1
X18 1
X27 1
X29 1
D16 96
D68 1
D70 1
D86 1
D89 1
E1 23
E8 1
E13 1
E16 1
E20 1
E26 1
E28 1
E35 1
F1 30
Y2 217
Y4 2
Y5 3
Y10 2
Y13 2
Y63 2
Y70 2
Y79 2
Y114 2
Y132 2
Y141 3
Y142 2
Y181 3
Y216 5
Y1 1
1
1
Y304 1
C2 7
C7 19
C18 1
C19 1
C20 1
C24 1
Total 30 100 30 30 305 30
a Haplotypes Y were consecutively numbered from Y1 to Y304. Fifty-
our numbers not included were found in a single clone.aplotype in the six CTV populations. There were two tatterns of distribution: one of them characterized by the
resence of a very frequent haplotype and the other
aplotypes being represented by only one or very few
lones (see isolates T385, T317, and T390 in Table 2 and
385, T317, T318, T305, and T388 in Table 3), and the
ther, characterized by the absence of a clearly predom-
nant haplotype (see T305 and T388 in Table 2 and, to a
esser extent, T318 in Table 2 and T390 in Table 3).
The homozygosity values observed for each gene and
hose expected under the model of neutral evolution are
ompared by the test of Ewens-Watterson in Table 4. The
omozygosity values observed for p18 were lower when
oving from T385 to T317, T318, and T305. This indicates
hat the presence of the haplotype predominant in T385
A) was reduced in successive subisolates, whereas
ew haplotypes arose. In the population of T305, some of
he new haplotypes had a frequency similar to A. Com-
arison of the homozygosity values observed and ex-
ected indicates that T385 and T317 differ significantly
rom neutrality but not T318 and T305. Populations in
388 and T390 were different, even if both of them were
btained by aphid transmission from the same field iso-
ate. The haplotype distribution in T388 was basically
eutral, whereas T390 showed a high homozygosity,
hich suggests adaptation to specific conditions.
The haplotype distribution of gene p20 clearly differed
rom that of p18 (Table 4) in that all the populations
howed a homozygosity value for that gene significantly
igher than expected under the hypothesis of neutrality
T305 could not be analyzed because only one haplotype
as detected).
Genetic differentiation between populations was eval-
ated with the statistic F (Tables 5 and 6). This random-
zing test showed that all pairs of populations were
ignificantly different for both genes, with the only ex-
eption of T385 and T317 for gene p18. For this gene,
hich showed a more neutral behavior, differentiation
etween populations of the first group (T385, T317, T318,
nd T305) increased when moving from T385 to T305.
he highest differences for p18 occurred between pop-
lations T388 and T390 and the Spanish populations
385 and T317. For this gene, the low differences be-
ween T318, T305, and T388, the three isolates causing
he most severe symptoms in citrus hosts, were also
emarkable.
Tables 7 and 8 show the results of the analysis of
olecular variance to differentiate populations consider-
ng the type and frequency of the haplotypes detected
nd estimating the probability that the distribution ob-
erved was random. The total variation observed is con-
ributed to by variations between groups of isolates (Jap-
nese and Spanish origin), within groups and within
opulations. It was interesting to observe that differ-
nces between groups were not statistically significant,
lthough they contributed 37.67% of the total variation inhe case of gene p18. The haplotype distribution showed
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35HAPLOTYPE DISTRIBUTION OF CTVignificant differences between populations within each
roup for both p18 and p20 genes. Differences in the
aplotype distribution between populations within the
ame group were higher than differences within popula-
ions for gene p20, whereas the opposite was true for
18. These data again indicate the role of selection in the
aplotype distribution, producing high homozygosity or
oncentration of specific variants. This is more obvious
or p20 than for p18.
DISCUSSION
In this work, we randomly selected two genes (p18 and
20) within the conserved region of the CTV genome
Mawassi et al., 1996) and studied the sort and frequency
f haplotypes of those genes in the cDNA population
btained from dsRNA of six isolates belonging to two
roups, one from Spain and the other from Japan. Iso-
ates within the Spanish group derived from a single
solate (T385) by successive graft-inoculations to differ-
nt hosts, whereas the two isolates in the Japanese
roup were also obtained from a single isolate by aphid
ransmission. Sampling was done $6 years after these
noculations, when populations were presumably at
quilibrium, and a pool of bark from several plants or
rom different branches of a large plant was used for
sRNA extraction to minimize variations due to an irreg-
lar distribution of haplotypes in infected tissues. A high
umber of different haplotypes was found for both genes,
T
Homozygosity Observed and Expected According to a Neutra
opulation
p18 gene
Observation Expectation Pro
T385 0.8915 0.3787
T317 0.9513 0.7724
T318 0.3897 0.5058
T305 0.1889 0.2825
T388 0.1620 0.2559
T390 0.7877 0.4092
TABLE 5
F-st Values between Pair of Populations for Gene p18 of CTV
T385 T317 T318 T305 T388 T390
385
317 20.0060a
318 0.2986 0.2521
305 0.5414 0.4615 0.0682
388 0.6376 0.5568 0.2253 0.1149
390 0.8603 0.8708 0.5682 0.4839 0.4575(a Nonsignificant difference.onfirming the frequent presence of mutants observed in
opulations of other plant viruses with RNA genome,
uch as tobacco mild green mosaic (Fraile et al., 1996;
oya et al., 1993; Rodrı´guez-Cerezo et al., 1991) or pep-
er mild mottle (Rodrı´guez-Cerezo et al., 1989) tobamo-
iruses.
The type and frequency of sequence variants in CTV
opulations were determined by SSCP analysis of $30
lones from the RT-PCR product obtained from each
solate. This procedure is easy and reliable in our exper-
mental conditions, but two factors might have contrib-
ted to underestimate the actual variability: 1) Although
he dsRNA extracts hybridized intensely with cDNA
robes from the correspondent PCR product, RT-PCR
ith primers derived from the consensus sequence of
36 (Pappu et al., 1994) might have excluded some se-
uence variants differing in the priming regions. 2) Some
lones showing indistinguishable SSCP patterns might
iffer in some nucleotide or nucleotides. Thus, sequenc-
ng seven clones of p20 with three different SSCP pat-
erns showed that those of the same haplotype had
dentical sequence and those of different haplotype dif-
ered by nucleotide sequence. However, in the case of
18, two clones of the same haplotype were found to
iffer by four nucleotides (unpublished data).
A general feature readily observed in comparisons of
he Spanish isolates was that graft-inoculation to a new
ost species caused important changes in the sort and
requency of haplotypes in viral populations (Tables 2
nd 3). Transition from T385 to T305 caused a progres-
ive reduction in the frequency of the main haplotype of
18, whereas new haplotypes became increasingly im-
ortant. The pattern of haplotype distribution in T385 or
317 was that expected for a quasispecies with a master
equence around which, and at few mutations steps,
here are different variants. This pattern faded out in T318
nd T305, where homozygosity was very low and the
requency of haplotypes was not different from that ex-
ected under a model of neutral selection. This change
uggests a progressive loss of adaptation of haplotype A
l with Infinite Alleles and Probability That They Are Different
p20 gene
Observation Expectation Probability
0.5000 0.1860 1.00
0.9220 0.4886 1.00
0.5956 0.2424 1.00
1.0000
0.5078 0.0369 1.00
0.4600 0.3310 0.89ABLE 4
l Mode
bability
1.00
1.00
0.25
0.06
0.03Table 2) to the new hosts and the rise of new haplotypes
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36 AYLLO´N ET AL.lmost as efficient as A (neutral among them). Although
he lowest homozygosity for this gene was observed in
he most virulent isolates (T318, T305, and T388), we
annot speculate on the association between haplotype
istribution and pathogenic characteristics because few
solates were analyzed and the biological function of the
roduct encoded by p18 gene is presently unknown.
Within the Japanese group, T388 and T390 did not
how any common haplotype, although they had been
phid-transmitted from a single isolate to the same host
pecies. This must be an effect of the population bottle-
eck caused by aphid transmission. Because aphids
noculating each receptor plant are usually taken from
ifferent shoots of the donor plant (Hermoso de Men-
oza et al., 1988), uneven distribution of sequence vari-
nts in the donor plant might have caused exclusion of
ome haplotypes in the inoculum received by any of the
eceptor plants. Variations in biological or serological
haracteristics of CTV isolates after aphid transmission
ave been reported (Broadbent et al., 1996; Cambra et
l., 1993). Changes in the structure of CTV populations
fter graft or aphid transmission contrasts with the high
enetic stability reported for the tobacco mild green
osaic virus (Rodrı´guez-Cerezo and Garcı´a-Arenal,
989).
Changes in the haplotype populations were more
rastic for p20 than for p18. The isolates compared did
ot share any p20 haplotype, and with the exception of
390 (Table 3), they showed a high homozygosity. Within
he Spanish group, each transmission step gave rise to a
TABLE 6
F-st Values between Pair of Populations for Gene p20 of CTV
T385 T317 T318 T305 T388 T390
385
317 0.7988
318 0.5322 0.8291
305 0.7414 0.9403 0.7908
388 0.4994 0.6451 0.5269 0.6232
390 0.4621 0.7856 0.5115 0.7207 0.4873
TABLE 7
Analysis of Molecular Variance of Gene p18 of CTV Assuming Two
Groups of Populations (Spanish and Japanese Origin)
Source of variation df
Sum of
squares
Components of
variance
Percent
variation
etween groups 1 22.42 0.1669a 37.67
etween populations
within each group 4 18.62 0.0985 22.24
ithin populations 283 50.26 0.1776 40.09
otal 288 91.30 0.4430ia Nonsignificant difference.ew quasispecies around a different master sequence.
s observed for p18, this change suggests a loss of
daptation of the haplotype predominant in each isolate
o the new host, but in the case of p20, a new master
equence arose instead of several haplotypes neutral
etween them. This could indicate stronger host con-
traints for p20 than for p18, allowing survival of only
ertain haplotypes. The protein product encoded by p20
as been involved in the formation of inclusion bodies in
he infected cells (Gowda et al., 1997). This protein might
e strongly selected by the host genotype.
The populations of all CTV isolates were genetically
ifferent for p20 compared by the use of the statistic F,
nd most of them also differed for p18. F-st values sta-
istically significant indicate that the two populations
ompared are genetically different. This difference is
ider as the F-st value approaches 1. The two groups of
losest populations were T385/T317 and T318/T305/
388. T385 and T317 were two biologically similar iso-
ates obtained by graft-inoculation of the same inoculum
ource on two host species, and both shared their most
requent haplotype. T318, T305, and T388 were the iso-
ates with lowest homozygosity, and they also shared
ne of the major haplotypes detected.
When population differences were analyzed consider-
ng the two geographical groups, it was observed that
ariation between groups was not statistically signifi-
ant, whereas variations between populations of the
ame group or within populations were significant for
oth genes studied. Considering distribution of the total
ariability between populations and within populations, it
eems that adaptation to a new host (or other environ-
ental conditions) could be as important or more as the
eographical origin. A lack of correlation between ge-
etic proximity of isolates and geographic proximity of
heir site of origin has been observed in another plant
irus with RNA genome (Rodrı´guez-Cerezo et al., 1991).
The apparent sensitivity of the CTV populations to host
hanges and to aphid transmission and the mixing of
opulations caused by multiple aphid inoculations of
ield trees or by cultural practices (topworking trees with
TABLE 8
Analysis of Molecular Variance of Gene p20 of CTV Assuming Two
Groups of Populations (Spanish and Japanese Origin)
Source of variation df
Sum of
squares
Components of
variance
Percent
variation
etween groups 1 44.39 20.0208a 24.05
etween populations
within each group 4 61.52 0.3417 66.38
ithin populations 519 100.64 0.1939 37.67
otal 288 206.55 0.5148
a Nonsignificant difference.nfected buds) may explain in part the wide biological,
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37HAPLOTYPE DISTRIBUTION OF CTVerological, and molecular variabilities traditionally ob-
erved among CTV isolates.
MATERIALS AND METHODS
CTV populations
The populations compared were those contained in
solates T385, T317, T318, T305, T388, and T390 of the
ollection kept at the Instituto Valenciano de Investiga-
iones Agrarias (Moncada, Valencia). The first four iso-
ates are of Spanish origin, and the last two are from
apan. T385 was taken from an old symptomless CTV-
nfected sweet orange [Citrus sinensis (L.) Osb.] tree
ropagated on sour orange (C. aurantium L.) rootstock
Moreno et al., 1991), aphid-transmitted to a Mexican
ime [C. aurantifolia (Christm.) Swing.] seedling to elimi-
ate other graft-transmissible pathogens, and then graft-
noculated to a sweet orange propagated on Troyer cit-
ange [Citrus sinensis (L.) Osb. 3 Poncirus trifoliata (L.)
af.], where it is maintained. T317 was a subculture
btained by graft-inoculating an Etrog citron (C. medica
.) cv. Arizona 861-S-1 plant with bark from the above
phid-inoculated Mexican lime seedling (Moreno et al.,
991). Both isolates differed by their dsRNA pattern but
nduced similar symptoms (Moreno et al., 1993a, 1993b).
318 was obtained by graft-transmission of T317 to Pine-
pple sweet orange, and T305 was obtained by graft-
ransmission of T318 to Mexican lime and then to Pine-
pple sweet orange. T318 had a dsRNA pattern similar to
hat of T317, whereas T305 was different. Both T318 and
305 differed from T317 and T385 by symptom expres-
ion. The last two isolates induced only mild vein clear-
ng in Mexican lime, whereas T318 and T305 induced
evere symptoms in lime; seedling yellows in lemon [C.
imon (L.) Burm. f.], grapefruit (C. paradisi Macf.), and
our orange; and stem pitting in sweet orange and other
itrus species (Moreno et al., 1993a, 1993b). T388 and
390 were obtained by aphid transmission of a CTV
solate from Japan (Ballester-Olmos et al., 1988). T390
nduced moderate symptoms in Mexican lime, no seed-
ing yellows, and no symptoms on sweet orange,
hereas T388 caused very severe symptoms on lime,
eedling yellows, and stem pitting in sweet orange and
ther citrus species (Hermoso de Mendoza et al., 1988).
amples were taken $6 years after the passages de-
cribed.
urification of dsRNA
A pool of young bark from infected plants was pulver-
zed with liquid nitrogen. dsRNA was extracted from this
owder with phenol-detergent, purified by nonionic cel-
ulose column chromatography, precipitated with cold
thanol, and resuspended in sterile distilled water (2 ml/g
f fresh tissue) after a previous protocol (Moreno et al.,
990). 1loning of p18 and p20 genes of CTV
To obtain clones of the p18 and p20 genes of the
opulations studied, cDNA of these genes was prepared
y reverse transcription and amplification by the poly-
erase chain reaction (RT-PCR) using dsRNA from each
solate as template and primers p18A/p18B and p20A/
20B (Table 1). In a previous experiment, mixtures with
arious ratios of dsRNA from two isolates differing by
heir SSCP profile were used to synthesize cDNA by
T-PCR. When these cDNA products were analyzed by
SCP, the intensity of the bands characteristic of each
solate increased parallel to the ratio of its dsRNA in the
ixture (Rubio, 1997), which indicated that the cDNA
opulation was a reliable reflection of the dsRNA popu-
ation. dsRNA was denatured for 10 min at 90°C and
hilled on ice. Then RT-PCR was performed in a reaction
ixture (50 ml) containing 2 ml of the dsRNA extract, 5 ml
f PCR buffer 103 (100 mM Tris–HCl, pH 9.0, 500 mM
Cl, 1% Triton X-100), 1.5 mM MgCl2, 200 ng of each
rimer, 10 mM DTT, 0.4 mM concentration of each of the
our nucleotides, 5 units of RNasin, 0.75 unit of AMV
everse transcriptase, and 1.25 units of Taq DNA poly-
erase (Promega, Madison, WI). The following thermo-
ycling conditions were used: 45 min at 42°C (1 cycle); 5
in at 95°C (1 cycle); 30 s at 94°C, 30 s at 55°C, and 90 s
t 72°C (30 cycles); and 5 min at 72°C (1 cycle). PCR
roducts were separated by electrophoresis in a 2%
garose gel. The DNA was directly cloned in the linear-
zed and thymidylated pT7 Blue R plasmid (Novagen)
sing standard protocols. After ligation, DH5a Esche-
ichia coli cells were transformed with the plasmid, and
olonies containing plasmid with insert were selected
ith X-gal (Sambrook et al., 1989).
mplification of DNA from clones and SSCP analysis
The cloned DNA was amplified from bacterial cell
ultures by PCR using the same set of primers as in
T-PCR. Reaction was performed in a 50-ml volume con-
aining 3 ml of bacterial culture, 5 ml of PCR buffer 103,
.5 mM MgCl2, 50 ng of each primer, 0.2 mM concentra-
ion of each dNTP, and 1.25 units of Taq DNA polymerase
Promega). After denaturing the template at 94°C for 2
in, amplification was for 30 cycles of 30 s at 94°C, 30 s
t 55°C and 90 s at 72°C, and followed by an extension
eriod of 5 min at 72°C.
For SSCP analysis, 1 ml of the PCR product was mixed
ith 9 ml of the denaturing solution (95% formamide, 20
M EDTA, pH 8.0, 0.05% bromophenol blue, and 0.05%
ylene-cyanol), heated for 10 min at 99°C, and immedi-
tely cooled on ice. The DNA strands were separated by
lectrophoresis in a nondenaturing 8% polyacrylamide
inigel, using TBE (Tris-borate 89 mM, pH 8.0, 2 mM
DTA) as electrophoresis buffer, and a constant voltage
f 200 V for 3 h, or 300 V for 1.5 h, at 4°C (Rubio et al.,
996). The gels were stained with silver nitrate (Beidler et
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38 AYLLO´N ET AL.l., 1982). A minimum of 30 clones from each CTV isolate
ere analyzed.
tatistical analyses
Clones showing different SSCP pattern in the same
el in any of the electrophoretic conditions were consid-
red as different haplotypes. The haplotype distribution
bserved was compared with the distribution expected
ccording to the neutral theory, using the Ewens-Watter-
on test (Watterson, 1978). This test determines whether
he homozygosity (probability that two haplotypes ran-
omly selected were identical) expected under a model
f neutral evolution of infinite alleles statistically differs
rom that observed. A homozygosity value significantly
igher than that expected under neutral conditions (all
he haplotypes can be equally selected) indicates the
resence of a predominant haplotype as a consequence
f natural selection.
The degree of genetic differentiation between CTV
solates was estimated with the statistic F (Weir and
ockerham, 1984). In this test, two populations with sim-
lar distribution of haplotype frequencies will give an F-st
alue statistically nondifferent from zero.
Finally, a comparison by analysis of molecular vari-
nce (Excoffier et al., 1992) was performed considering
he type and frequency of haplotypes present in each
opulation and estimating the probability that such a
istribution was random. Comparisons were made be-
ween the two groups of populations (T388/T390 and
385/T317/T318/T305) and between populations within
he same group.
Each of the three tests mentioned was contrasted
sing 10,000 random samples.
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